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Highlights

Financial Resources for Academic R&D

¢ In 2002, U.S. academic institutions spent $33 billion

(in constant dollars) on research and development.
The Federal Government provided $19.0 billion, aca-
demic institutions $6.7 billion, state and local govern-
ments $2.2 billion, industry $2.1 billion, and other
sources $2.4 billion.

Over the past 3 decades (1972 to 2002), average
annual growth in R&D has been stronger for the
academic sector than for any other R&D-performing
sector except the nonprofit sector. During this period,
academic R&D rose from 0.23 to 0.35 percent of the
gross domestic product.

The academic sector performs more than half of the
basic research performed in the United States. Aca-
demic R&D activities have been highly concentrated at
the basic research end of the R&D spectrum since the
late 1950s. In 2002, an estimated 74 percent of academic
R&D expenditures went for basic research, 22 percent
for applied research, and 4 percent for development.

The Federal Government continues to provide the
majority of funds for academic R&D, although its
share has been declining steadily over the past 3 de-
cades. The Federal Government provided 59 percent of
the funding for R&D performed in academic institutions
in 2001, down from 68 percent in 1972.

After the Federal Government, academic institutions
performing R&D provided the second largest share
of academic R&D support. Except for a brief down-
turn in the first half of the 1990s, the institutional share
of academic R&D support has been increasing steadily
during the past 3 decades, nearly doubling to reach 20
percent in 2001.

Industrial R&D support to academic institutions
has grown more rapidly (albeit from a small base)
than support from all other sources during the past
3 decades. Industry’s share was 6.8 percent in 2001,
compared with 2.8 percent in 1972. However, industrial
support still accounts for one of the smallest shares of
academic R&D funding.

The concentration of academic R&D funds among
the top research universities diminished between the
mid-1980s and mid-1990s but has remained relatively
steady since then. The share of those institutions in the
group below the top 100 increased from 17 to 20 percent
of all academic R&D funds during this period, balanced
by a decline in the top 20 institutions’ share.

Between 1975 and 2001, there was a relative shift in
the share of academic R&D funds received by differ-
ent S&E fields. Shares increased for engineering, the
life sciences, and the computer sciences and declined for

the social sciences; the earth, atmospheric, and ocean
sciences; the physical sciences; and psychology.

¢ The distribution of Federal and non-Federal funding
of academic R&D varies by field. In 2001, the Federal
Government supported about three-fourths of academic
R&D expenditures in both physics and atmospheric sci-
ences but one-third or less of the R&D in economics,
political science, and the agricultural sciences.

4 Three agencies were responsible for about 86 percent
of Federal obligations for academic R&D: the Na-
tional Institutes of Health (66 percent), the National
Science Foundation (12 percent), and the Department
of Defense (8 percent). Federal agencies emphasize dif-
ferent science and engineering fields in their funding of
academic research, with some, such as NIH, concentrat-
ing their funding in one field and others, such as NSF,
having more diversified funding patterns.

¢ Total space for academic S&E research increased
by more than 38 percent between 1988 and 2001, up
from about 112 million to 155 million net assignable
square feet. During this period, very little changed in the
distribution of research space across S&E fields: 90 per-
cent of the space continued to be distributed among six
fields—the biological sciences, the medical sciences, the
agricultural sciences, engineering, the physical sciences,
and the earth, atmospheric, and ocean sciences.

¢ R&D equipment intensity—the share of all annual
R&D expenditures spent on research equipment—
has declined dramatically during the past 15 years.
After reaching a high of 7 percent in 1986, R&D equip-
ment intensity declined by about one-third, to 4.6 percent
in 2001.

Doctoral Scientists and Engineers
in Academia

¢ Long-term growth of doctoral scientists and engi-
neers employed at U.S. universities and colleges was
slower than that in business, government, and other
segments of the economy. As a result, the academic
employment share dropped from 53 to 44 percent during
the 1975-2001 period.

¢ Full-time faculty positions increased more slowly than
postdoc and other full- and part-time positions, espe-
cially at research universities. Those entering research
universities in 2001 with recently earned doctorates were
more likely to receive postdoc (53 percent) than faculty
positions (30 percent). Of those with a doctorate earned
4-7 years earlier who were employed at research univer-
sities, less than 40 percent were in tenure track positions
in 2001, well below the experience of previous decades.
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¢ An academic researcher pool outside the regular

faculty ranks has grown over the years. As the faculty
share of the academic workforce has declined, more re-
search activity is being carried out by postdocs and oth-
ers in full-time nonfaculty positions. This change toward
nonfaculty research effort was pronounced in the 1990s.
A long-term upward trend shows the number of those
whose primary activity is research increasing relative to
total employment.

Among recent doctorate holders employed in aca-
demia, the percentage of white males has fallen dra-
matically, from 73 percent in 1975 to 41 percent in
2001. This decline has been offset by increases in the
hiring of women, Asian/Pacific Islanders, and underrep-
resented minorities.

More than 20 percent of scientists and engineers with
U.S. doctoral degrees employed at U.S. universities
and colleges in 2001 were foreign born. Computer sci-
ences and engineering had the highest percentages (39
and 35 percent, respectively), followed by mathematics
(28 percent) and the physical, life, and social sciences
(from 23 to 19 percent). These estimates are conserva-
tive, in that they do not include those with doctorates
from foreign institutions.

The academic doctoral labor force has been aging
during the past quarter of a century. Both the mean
and median age have increased almost monotonically be-
tween 1975 and 2001. In 2001, a growing, albeit small,
fraction of employment was made up of individuals age
65 or older (4.0 percent) and 70 years or older (1.1 per-
cent). These percentages were slightly higher at research
universities than at other academic institutions.

Graduate students play a key role in U.S. academic
S&E research, and research assistantships were
the primary means of support for more than one-
fourth of them. The number of research assistants has
risen faster than overall graduate enrollment. A shift is
evident away from the physical sciences and into the life
sciences, reflecting changes in the field distribution of
academic research funds.

In most fields, the percentage of academic research-
ers with Federal support for their work was lower in
2001 than a decade earlier. Full-time faculty received
Federal support less frequently than other full-time
doctoral employees, who, in turn, were less frequently
supported than postdocs, 74 percent of whom received
Federal funds in 2001.

Chapter 5. Academic Research and Development

4 1In the view of academic researchers, at most a modest
shift has taken place during the past decade in the na-
ture of academic R&D. For both those who identified
research as their primary work activity and those who
identified it as their primary or secondary activity, the
percentage who reported basic research was only slightly
smaller in 2001 than in 1993.

Outputs of Scientific and Engineering
Research: Articles and Patents

¢ The number of U.S. scientific publications has re-
mained essentially flat since 1992, while output has
grown strongly in Western Europe and several East
Asian countries. The reasons for the flattening of U.S.
output are unknown and are under investigation.

4 Scientific collaboration between institutions has increased
significantly over the past 2 decades, particularly between
countries. In 2001, nearly 1 in 5 articles had an international
coauthor, compared to 1 in 10 articles in 1988.

¢ The United States has the largest share of interna-
tionally authored papers and collaborates with the
largest number of countries. The U.S. share, however,
has declined as other countries have increased and ex-
panded their ties, mainly with Western Europe, Japan,
and several East Asian countries.

¢ The S&E literature of the United States is the most
widely cited by non-U.S. scientists. The volume and
world share of citations of U.S. S&E literature, however,
have been falling as citations of S&E literature from
Western Europe and East Asia have increased.

¢ The rapid increase in citations of S&E research by
U.S. patents suggests the growing importance of sci-
ence in practical applications of technology. Over the
past 2 decades, citations of research by U.S. patents rose
more than 10-fold, primarily because of increases in pat-
ents related to the life sciences.

4 More than 3,200 U.S. patents were granted to U.S. aca-
demic institutions in 2001, an increase of more than 10-
fold since the 1970s. The bulk of academic patents were
granted to a relatively small number of institutions and
were highly concentrated in life sciences applications.

¢ Increases in licensing income and activity suggest
growing effort and success of university commercial-
ization of their products and technology. Income from
licensing was more than $850 million in FY 2001—more
than double the amount in FY 1996—and new licenses
and options rose by more than half during this period.
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Introduction

Chapter Overview

The academic sector is a major contributor to the nation’s
scientific and technological progress, both through the edu-
cation and training of scientists and engineers (see chapter 2)
and the generation of new knowledge and ideas. These activ-
ities advance science and support technological innovation,
which in turn enhances economic development. A strong
national consensus supports the public funding of academic
research, and the Federal Government still provides close to
60 percent of the necessary financial resources, although its
role is diminishing. More than half of all academic research
and development funds go to the life sciences, and this
share increased during the past quarter century, prompting
discussion about whether the distribution of funds across
disciplines is appropriate.

The number of academic institutions receiving Federal
support for R&D activities increased during the past 3 de-
cades, expanding the base of the academic R&D enterprise
beyond the traditional research institutions. The academic
science and engineering infrastructure, both research space
and research equipment, grew over the past decade. Howev-
er, the percentage of total annual R&D expenditures devoted
to research equipment declined.

Doctoral S&E faculty in universities and colleges play
a critical role in ensuring an adequate, diverse, and well-
trained supply of S&E personnel for all sectors of the econ-
omy (see chapter 3). Demographic projections point to the
potential for strong enrollment growth and the continuation
of several trends: more minority participation, more older
students, and more nontraditional students. Future trends
for foreign graduate students, however, are uncertain in the
wake of the events of September 11, 2001.

In this context, and driven by financial and other pres-
sures, universities and colleges will continue to debate ques-
tions about their organization, focus, and mission. These
discussions are taking place during a time when academia
may be approaching a period of increasing retirements
caused by an aging labor force. The extent and nature of
replacement hiring into tenure-track faculty positions versus
other, more temporary, positions are unresolved questions.

Until recently, positive outcomes and impacts of R&D
were taken for granted; however, the R&D enterprise has
begun to face demands that it devise means and measures
to account for results of specific Federal R&D investments,
including those for academic R&D, and for the longer term
consequences of those results for valued social ends.!

'These demands can be seen in both the Government Performance and
Results Act (GPRA) of 1993 (Public Law 103-62) and the more recent U.S.
Office of Management and Budget R&D Investment Criteria (see http:
/Iwww.ostp.gov/html/ombguidmemo.pdf). For a discussion of research
assessment in the context of the GPRA, see http://www.nsf.gov/sbe/srs/
ostp/assess/nstcafse.htm.
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This chapter addresses key issues of the academic R&D
enterprise, such as the Federal role in supporting academic
research; the distribution of funding across S&E disciplines;
the breadth and strength of the academic base of the nation’s
S&E and R&D enterprise; research facilities and instrumen-
tation at universities and colleges; the role of doctoral S&E
faculty, including both their teaching and their research re-
sponsibilities; and research outputs in the form of refereed
articles, academic patents, licenses, and spinoffs. Compari-
sons with other countries can be found in chapters 2 and 3.

Chapter Organization

The first section of this chapter discusses trends in the fi-
nancial resources provided for academic R&D, including al-
locations across both academic institutions and S&E fields.
Because the Federal Government has been the primary
source of support for academic R&D for more than half a
century, the importance of selected agencies in supporting
individual fields is explored in detail. This section also pres-
ents data on changes in the number of academic institutions
that receive Federal R&D support and then examines the
status of two key elements of university research activities:
facilities and instrumentation.

The next section discusses trends in the employment of
academic doctoral scientists and engineers and examines
their activities and demographic characteristics. The dis-
cussion of employment trends focuses on full-time faculty,
postdocs, graduate students, and other positions. Differences
between the nation’s largest research universities and other
academic institutions are considered, as are shifts in the fac-
ulty age structure. The involvement of women and minori-
ties is also examined. Attention is given to participation in
research by academic doctoral scientists and engineers, the
relative balance between teaching and research, and Federal
support for research. Selected demographic characteristics
of recent doctorate holders entering academic employment
are reviewed.

The chapter concludes with an assessment of two types
of research outputs: scientific and technical articles mea-
sured by data from a set of journals covered by the Science
Citation Index (SCI) and the Social Sciences Citation Index
(SSCI) and patents issued to U.S. universities. (A third ma-
jor output of academic R&D, educated and trained person-
nel, is discussed in the preceding section of this chapter and
in chapter 2.) This section looks specifically at the volume
of research (article counts), collaboration in the conduct of
research (joint authorship), use in subsequent scientific ac-
tivity (citation patterns), and use beyond science (citations
to the literature on patents). It concludes with a discussion
of academic patenting and some returns to academic institu-
tions from their patents and licenses.
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Financial Resources
for Academic R&D

Academic R&D is a significant part of the national R&D
enterprise.” To carry out world-class research and advance
the scientific knowledge base, U.S. academic researchers
require financial resources and research facilities and instru-
mentation that facilitate high-quality work. Several funding
indicators bear on the state of academic R&D, including:

¢ The level and stability of overall funding

¢ The sources of funding and changes in their relative
importance

¢ The distribution of funding among the different R&D ac-
tivities (basic research, applied research, and development)

¢ The distribution of funding among S&E broad and de-
tailed fields

@ The distribution of funding among the various performers
of academic R&D and the extent of their participation

¢ The role of the Federal Government as a supporter of
academic R&D and the particular roles of the major Fed-
eral agencies funding this sector

¢ The state of the physical infrastructure (research facili-
ties and equipment)

Individually and in combination, these factors influence
the evolution of the academic R&D enterprise and therefore
are the focus of this section. The main findings are con-
tinued growth in both Federal and nonfederal funding of
academic R&D, with a steady relative decline in the role of
the Federal government; a substantial increase in funding by
the National Institutes of Health (NIH) relative to the other
main Federal funding agencies; a relative shift in the distri-
bution of funds among fields, with increasing shares for the
life sciences, engineering, and the computer sciences; R&D
activity occurring in a wider set of institutions, but with the
concentration of funds among the top research universities
diminishing only slightly; and continuous growth in aca-
demic S&E research space, combined with a large fraction
of institutions reporting a need for additional space based on
current research commitments.

For a discussion of the nature of the data used in this sec-
tion, see sidebar, “Data Sources for Financial Resources for
Academic R&D.”

2Federally funded research and development centers (FFRDCs) associ-
ated with universities are reviewed separately and examined in greater detail
in chapter 4. FFRDCs and other national laboratories (including Federal in-
tramural laboratories) also play an important role in academic research and
education, providing research opportunities for both students and faculty at
academic institutions.

Chapter 5. Academic Research and Development

Academic R&D Within the National
R&D Enterprise

The continuing importance of academia to the nation’s
overall R&D effort is well accepted.® This is especially true
for its contribution to the generation of new knowledge
through basic research. Since 1998, academia has accounted
for more than half of the basic research performed in the
United States.

In 2002, U.S. academic institutions spent an estimated
$36 billion, or $33 billion in constant 1996 dollars, on
R&D.* Academia’s role as an R&D performer has increased
during the past 3 decades, rising from about 10 percent of all
R&D performed in the United States in the early 1970s to an
estimated 13 percent in 2002 (figure 5-1). (For a comparison
with other industrial countries, see sidebar, “Comparisons of
International Academic R&D Spending.”)

Character of Work

Academic R&D activities are concentrated at the research
(basic and applied) end of the R&D spectrum and do not in-
clude much development activity.” An estimated 96 percent
of academic R&D expenditures in 2002 went for research (74
percent for basic and 22 percent for applied) and 4 percent for
development (figure 5-2). From the perspective of national
research, as opposed to national R&D, academic institutions
accounted for an estimated 30 percent of the U.S. total in 2002
(figure 5-1). In terms of basic research alone, the academic
sector is the country’s largest performer, currently accounting
for an estimated 54 percent of the national total. Between the
early 1970s and early 1980s, the academic sector’s share of
basic research declined steadily, from slightly more to slightly
less than half of the national total. In the early 1990s, its share
of the national total began to increase once again.

Growth

Over the course of the past 3 decades (1972-2002), the
average annual R&D growth rate (in constant 1996 dol-
lars) of the academic sector (4.5 percent) has been higher
than that of any other R&D-performing sector except the
nonprofit sector (5.0 percent). (See figure 5-3 and appendix
table 4-4 for time series data by R&D-performing sector.)
As a proportion of gross domestic product (GDP), academic
R&D rose from 0.23 to 0.35 percent during this time period,
about a 50 percent increase. (See appendix table 4-1 for
GDP time series.)

3For more detailed information on national R&D expenditures, see “Na-
tional R&D Trends” in chapter 4.

“For this discussion, an academic institution is generally defined as an
institution that has a doctoral program in science or engineering, is a his-
torically black college or university that expends any amount of separately
budgeted R&D in S&E, or is some other institution that spends at least
$150,000 for separately budgeted R&D in S&E.

Despite this delineation, the term R&D (rather than just research) is pri-
marily used throughout this discussion because data collected on academic
R&D do not always differentiate between research and development. More-
over, it is often difficult to make clear distinctions among basic research,
applied research, and development. For the definitions used in National Sci-
ence Foundation resource surveys and a fuller discussion of these concepts,
see chapter 4.
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Data Sources for Financial Resources for Academic R&D

The data used to describe financial resources for aca-
demic research and development are derived from four
National Science Foundation (NSF) surveys:

¢ Survey of Federal Funds for Research and Development

¢ Survey of Federal Science and Engineering Support
to Universities, Colleges, and Nonprofit Institutions

4 Survey of Research and Development Expenditures
at Universities and Colleges

¢ Survey of Scientific and Engineering Research Facilities

These surveys use similar but not always identical
definitions, and the nature of the respondents also dif-
fers across the surveys. The first two surveys collect data
from Federal agencies, whereas the last two collect data
from universities and colleges."

Data presented in the context section, “Academic
R&D Within the National R&D Enterprise,” are derived
from special tabulations that aggregate NSF survey data
on the various sectors of the U.S. economy so that the
components of the overall R&D effort are placed in a na-
tional context. These data are reported on a calendar-year
basis, and the data for 2001 and 2002 are preliminary.
Since 1998, these data also attempt to eliminate double
counting in the academic sector by subtracting those cur-
rent expenditures for separately budgeted science and
engineering R&D that do not remain in the institution
reporting them but are passed through to other institu-
tions. Data in subsequent sections differ in that they are
reported on a fiscal-year basis and do not net out the
funds passed through to other institutions. Data on major
funding sources, funding by institution type, distribution
of R&D funds across academic institutions, and expendi-
tures by field and funding source are from the Survey of
Research and Development Expenditures at Universities
and Colleges. For various methodological reasons, paral-
lel data by field from the NSF Survey of Federal Funds
for Research and Development do not necessarily match
these numbers.

The data in the section “Federal Support of Aca-
demic R&D” come primarily from NSF’s Survey of

“For descriptions of the methodologies of the NSF surveys, see NSF/
SRS 1995a and 1995b and the Division of Science Resources Statistics
website, http://www.nsf.gov/sbe/srs/stats.htm.

Federal Funds for Research and Development. This
survey collects data on R&D obligations from 29 Fed-
eral agencies. Data for fiscal years 2002 and 2003 are
preliminary estimates based on administration budget
proposals and do not necessarily represent actual ap-
propriations. Data on Federal obligations by S&E field
are available only for FY 2001. These data are not es-
timated and refer only to research (basic and applied)
rather than to research plus development.

The data in the section “Spreading Institutional Base
of Federally Funded Academic R&D” are drawn from
NSF’s Survey of Federal Science and Engineering Sup-
port to Universities, Colleges, and Nonprofit Institutions.
This survey collects data on Federal R&D obligations
to individual U.S. universities and colleges from the
approximately 18 Federal agencies that account for vir-
tually all such obligations. For various methodological
reasons, data reported in this survey do not necessarily
match those reported in the Survey of Research and De-
velopment Expenditures at Universities and Colleges.

Data on facilities are taken from the Survey of Scien-
tific and Engineering Research Facilities. This survey is
in the midst of a redesign that will broaden its coverage
and include computing and networking capacity as well
as research space. Data on research equipment are taken
from the Survey of Research and Development Expen-
ditures at Universities and Colleges. Although terms are
defined specifically in each survey, in general, facilities
expenditures are for fixed items such as buildings, are
classified as capital funds, often cost millions of dollars,
and are not included within R&D expenditures as reported
here. Research equipment and instruments (the terms are
used interchangeably) are generally movable, purchased
with current funds, and are included within R&D expen-
ditures reported here. Because the categories are not mu-
tually exclusive, some large instrument systems could be
classified as either facilities or equipment. Expenditures
for research equipment are limited to current funds and
do not include expenditures for instructional equipment.
Current funds, as opposed to capital funds, are those in
the yearly operating budget for ongoing activities. Gen-
erally, academic institutions keep separate accounts for
current and capital funds.
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Figure 5-1

Academic R&D, basic and applied research, and
basic research as share of U.S. total of each
category: 1970-2002
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NOTES: Data for 2001 and 2002 are preliminary. Because of changes
in estimation procedures, the character of work data before FY 1998
are not comparable with those of later years. For details on methodo-
logical issues of measurement, see The Methodology Underlying the
Measurement of R&D Expenditures: 2002 (NSF/SRS, Arlington, VA,
forthcoming). Data are based on annual reports by performers. See
appendix tables 4-3, 4-7, 4-11, and 4-15 for data underlying the
percentages.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources, annual
series. See appendix table 5-1.
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Figure 5-2

Academic R&D expenditures, by character of work,
and national R&D expenditures, by performer and
character of work: 2002
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SOURCE: National Science Foundation, Division of Science Resources
Statistics, National Patterns of R&D Resources, annual series. See
appendix tables 4-3, 4-7, 4-11, and 5-1.
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Figure 5-3

Average annual R&D growth, by performer:
1972-2002

Percent
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NOTE: R&D data are on a calendar-year basis. Data for 2001 and
2002 are estimated.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, National Patterns of R&D Resources, special
tabulations. See appendix table 4-4.
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Major Funding Sources

The academic sector relies on a variety of funding sourc-
es for support of its R&D activities. Although the Federal
Government continues to provide the majority of funds, its
share has declined over the past 3 decades, with most of the
decline occurring during the 1980s. In 2001, the Federal
Government accounted for 59 percent of the funding for
R&D performed in academic institutions, compared with 68
percent in 1972 (appendix table 5-2 and figure 5-4).

Federal support of academic R&D is discussed in detail
later in this section; the following list summarizes the con-
tributions of other sectors to academic R&D:¢

¢ Institutional funds. In 2001, institutional funds from
universities and colleges constituted the second largest
source of funding for academic R&D, accounting for 20
percent, the highest level during the past half century. In-
stitutional funds encompass three categories: separately
budgeted funds from unrestricted sources that an aca-
demic institution spends on R&D, unreimbursed indirect
costs associated with externally funded R&D projects,

®The academic R&D funding reported here includes only separately
budgeted R&D and institutions’ estimates of unreimbursed indirect costs
associated with externally funded R&D projects, including mandatory and
voluntary cost sharing. It does not include departmental research and thus
excludes funds, notably for faculty salaries, for research activities that are
not separately budgeted.
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Comparisons of International Academic R&D Spending

Countries differ in the proportion of their research and
development that is performed at institutions of higher
education. Among the countries of the Organisation for
Economic Co-operation and Development (OECD),
R&D performed in the academic sector, as a proportion
of total R&D performance, varied from 9 percent in
Slovakia to about 60 percent in Turkey, with an overall
OECD average of about 17 percent (table 5-1). The U.S.
proportion was about 15 percent. (For international
comparisons, university-administered federally funded
research and development centers are included in U.S.
academic R&D.)

A number of factors may account for the differences
in the role academia plays in the performance of R&D
from country to country. The structure and organization
of a country’s education system will influence how much
R&D is performed in the academic sector. The distri-
bution of a country’s R&D expenditures among basic
research, applied research, and development is likely to
affect the share performed by higher education. Because
the academic sector primarily carries out research (gener-
ally basic) rather than development activities, countries
in which development activities take greater prominence
may rely less on the academic sector for overall R&D
performance. The importance and strength of other sec-
tors, particularly the industrial sector, in R&D perfor-
mance also may affect the academic sector’s share. (See
“International R&D by Performer, Source, and Character
of Work” in chapter 4 for more detailed information, in-
cluding data on the sources of funding for academic R&D
in different countries.) Institutional and cultural factors
such as the role and extent of independent research in-
stitutions, national laboratories, and government-funded
or -operated research centers, would also affect the aca-
demic sector’s share.

Finally, different accounting conventions among
countries may account for some of the differences report-
ed. For instance, the national totals for academic R&D for
Europe and Canada include the research components of
general university funds (GUF) provided as block grants
to the academic sector by all levels of government. There-
fore, at least conceptually, the totals include academia’s
separately budgeted research and research undertaken as
part of university departmental research activities. In the
United States, the Federal Government generally does
not provide research support through a GUF equiva-

lent, preferring instead to support specific, separately
budgeted R&D projects. On the other hand, some state
government funding probably does support departmental
research at U.S. public universities. Universities gener-
ally do not maintain data on departmental research, which
is considered an integral part of instruction programs.
U.S. totals thus may be underestimated relative to the
academic R&D efforts reported for other countries. Other
accounting differences include the inclusion or exclusion
of R&D in the social sciences and humanities, the inclu-
sion or exclusion of defense R&D, treatment of capital
expenditures, and the level of government included.

Table 5-1
Academic R&D share of total R&D performance,
by selected countries: 2000 or 2001

(Percent)

Country Academic R&D

All OECD.......ooeeeieeeeieeeeeeee 17.2
Australia.... 27.1
[OF- 1oF-To F- R 32.7
Czech Republic.................... 15.7
Finland 17.9
France 18.5
Germany......cccceeeceeiiieeiieene 15.8
Hungary.... 24.0
Iceland...... 155
ltaly........ 31.0
Japan............ 14.5
Netherlands..... 28.8
Poland .......... 32.7
Slovakia........... 9.0
South Korea .... 11.3
Spain ............... 29.4
Switzerland..........cccceeeeueeenn. 22.9
TUrKEY e 60.4
United Kingdom . 20.8
United States........cccccceeennee 14.9

Non-OECD
Argentina .......cccoccoeeeiiiienenns 35.0
(0] o1 [ o= 8.6
ISrael.....ccccvveeeeeieiciiiieeeeeen, 18.4
Romania.... 11.3
RuUSSIa......evvieeeieeeiiieeeee e 5.2
SiNgapore ........cceecveeieeeiieene 23.6
Slovenia.... 16.6
B 1A= L 12.2

OECD Organisation for Economic Co-operation and Development

SOURCE: OECD, Main Science and Technology Indicators, 2002.
See appendix table 4-45.
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Figure 5-4

Sources of academic R&D funding: 1972-2001
Percent
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SOURCES: National Science Foundation, Division of Science Resources
Statistics (NSF/SRS), Academic Research and Development
Expenditures: Fiscal Year 2001, 2003; and NSF/SRS, WebCASPAR
database system, http://caspar.nsf.gov. See appendix table 5-2.
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and mandatory and voluntary cost sharing on Federal
and other grants. For more detailed discussions of the
composition of institutional funds, see sidebar “The
Composition of Institutional Academic R&D Funds.”

The share of support represented by institutional funds
has been increasing during the past 3 decades, except for
a brief downturn in the early 1990s. Institutional R&D
funds may be derived from (1) general-purpose state or
local government appropriations (particularly for public
institutions) or Federal appropriations; (2) general-
purpose grants from industry, foundations, or other
outside sources; (3) tuition and fees; (4) endowment in-
come; and (5) unrestricted gifts. Other potential sources
of institutional funds are income from patents or licenses
and income from patient care revenues. (See “Patents
Awarded to U.S. Universities” later in this chapter for a
discussion of patent and licensing income.)

¢ State and local government funds. State and local gov-
ernments provided 7.1 percent of academic R&D funding
in 2001. Since 1980, the state and local share of academic
R&D funding has remained between 7 and 9 percent. This
share, however, only reflects funds directly targeted to
academic R&D activities by state and local governments.
It does not include general-purpose state or local govern-
ment appropriations that academic institutions designate
and use to fund separately budgeted research or cover

Chapter 5. Academic Research and Development

unreimbursed indirect costs.” Consequently, the actual
contribution of state and local governments to academic
R&D is not captured here, particularly for public institu-
tions. See chapter 8, “State Indicators” for some indica-
tors of academic R&D by state.

4 Industry funds. In 2001, industry provided 6.8 percent
of academic R&D funding, a slight decline from its peak
of 7.4 percent in 1999. Despite the recent decline, the
funds provided for academic R&D by the industrial sector
grew faster than funding from any other source during the
past 3 decades. However, industrial support still accounts
for one of the smaller shares of funding, and support of
academia has never been a major component of indus-
try-funded R&D. In 1994, industry’s contribution to aca-
demic R&D represented 1.5 percent of its total support of
R&D, compared with 1.4 percent in 1990, 0.9 percent in
1980, and 0.7 percent in 1972. Between 1994 and 2000,
this share declined from 1.5 to 1.2 percent, before begin-
ning to rise slightly again in both 2001 and 2002. (See
appendix table 4-4 for time series data on industry-funded
R&D and the sidebar “Corporate R&D Strategies in an
Uncertain Economy” in chapter 4 for a discussion of how
companies intend to spend their R&D budgets.)

4 Other sources of funds. In 2001, other sources of sup-
port accounted for 7.4 percent of academic R&D fund-
ing, a level that has stayed almost constant during the
past 3 decades. This category of funds includes grants
for R&D from nonprofit organizations and voluntary
health agencies and gifts from private individuals that
are restricted by the donor to the conduct of research, as
well as all other sources restricted to research purposes
not included in the other categories.

Funding by Institution Type

Although public and private universities rely on the
same funding sources for their academic R&D, the relative
importance of those sources differs substantially for these
two types of institutions (figure 5-5 and appendix table 5-3).
In 2001, the most recent year for which data are available,
just over 9 percent of R&D funding for all public academic
institutions came from state and local funds, about 25 per-
cent from institutional funds, and about 52 percent from the
Federal Government. Private academic institutions received
a much smaller portion of their funds from state and local
governments (about 2 percent) and institutional sources
(about 10 percent), and a much larger share from the Federal
Government (72 percent). The large difference in the role of
institutional funds at public and private institutions is most
likely because of a substantial amount of general-purpose
state and local government funds that public institutions
receive and decide to use for R&D (although data on such

"This follows a standard of reporting that assigns funds to the entity that
determines how they are to be used rather than to the one that necessarily
disburses the funds.
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The Composition of Institutional Academic R&D Funds

During the past 3 decades, institutional funds for
academic R&D grew faster than funds from any
other sources except industry and faster than any other
source since 1990 (appendix table 5-2). In 2001, aca-
demic institutions committed a substantial amount of
their own resources to R&D: roughly $6.5 billion, or
20 percent of total academic R&D. In 2001, the share
of institutional support for academic R&D at public
institutions (25 percent) was greater than at private in-
stitutions (10 percent) (appendix table 5-3). One pos-
sible reason for this large difference in relative support
is that public universities and colleges’ own funds may
include considerable state and local funds not specifi-
cally designated for R&D but used for that purpose
by the institutions. Throughout the 1980s and 1990s,
institutional R&D funds were divided roughly equally
between two components: separately budgeted institu-
tional R&D funds and mandatory and voluntary cost
sharing plus unreimbursed indirect costs associated
with R&D projects financed by external organiza-
tions. Institutional funds at public and private univer-
sities and colleges differ not only in their importance
to the institution but also in their composition. Since
1980, from 60 to 70 percent of private institutions’
own funds were designated for unreimbursed indirect
costs plus cost sharing compared with 43 to 49 percent
of public institutions’ own funds (figure 5-6).

Figure 5-5

Sources of academic R&D funding for public and
private institutions: 2001
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SOURCES: National Science Foundation, Division of Science
Resources Statistics (NSF/SRS), Academic Research and Development
Expenditures: Fiscal Year 2001, 2003; and NSF/SRS, WebCASPAR
database system, http://caspar.nsf.gov. See appendix table 5-3.
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Figure 5-6

Components of institutional R&D expenditures for
public and private academic institutions: 1980-2001
Percent
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Research and Development
Expenditures at Universities and Colleges, special tabulations.
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breakdowns are not collected). Both public and private in-
stitutions received approximately 7 percent of their respec-
tive R&D support from industry in 2001. Over the past 2
decades, the Federal share of support has declined, and the
industry and institutional shares increased for both public
and private institutions.

Distribution of R&D Funds Across
Academic Institutions

The nature of the distribution of R&D funds across aca-
demic institutions has been and continues to be a matter of
interest to both those concerned with the academic R&D
enterprise and those concerned with local and regional eco-
nomic development. Most academic R&D is now, and has
been historically, concentrated in relatively few of the 3,600
U.S. institutions of higher education.® When institutions are

5The Carnegie Foundation for the Advancement of Teaching classified
about 3,600 degree-granting institutions as higher education institutions in
1994. See chapter 2 sidebar, “Carnegie Classification of Academic Institu-
tions,” for a brief description of the Carnegie categories. These higher educa-
tion institutions include 4-year colleges and universities, 2-year community
and junior colleges, and specialized schools such as medical and law schools.
Not included in this classification scheme are more than 7,000 other postsec-
ondary institutions (secretarial schools, auto repair schools, etc.).
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ranked by their 2001 R&D expenditures, the top 200 institu-
tions account for about 96 percent of all 2001 R&D expendi-
tures. (See appendix table 5-4 for a more detailed breakdown
of the distribution among the top 100 institutions.)

The historic concentration of academic R&D funds
diminished between the mid-1980s and mid-1990s but
has remained relatively steady since then (figure 5-7). In
1985, the top 10 institutions received about 20 percent of
the nation’s total academic R&D expenditures and the top
11-20 institutions received 14 percent, compared with 17
and 13 percent, respectively, in 2001. There was almost
no change in the share of the group of institutions ranked
21-100 during this period. The composition of the universi-
ties in any particular group is not necessarily the same over
time, because mobility occurs within groups. For example,
only 5 of the top 10 institutions in 1985 were still in the top
10 in 2001. The decline in the top 20 institutions’ share was
offset by an increase in the share of those institutions in the
group not in the top 100. This group’s share increased from
17 to 20 percent of total academic R&D funds, signifying
a broadening of the base. The discussion in “Spreading In-
stitutional Base of Federally Funded Academic R&D” later
in this chapter, under the section “Federal Support of Aca-
demic R&D,” points to an increasing number of academic
institutions receiving Federal support for their R&D activi-
ties during the past 3 decades. Many of the newer institu-

Figure 5-7
Academic R&D, by rank of universities’ and
colleges’ academic R&D expenditures: 1985-2001
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SOURCES: National Science Foundation, Division of Science Resources
Statistics (NSF/SRS), Academic Research and Development Expendi-
tures: Fiscal Year 2001, 2003, special tabulations; and NSF/SRS,
WebCASPAR database system, http://caspar.nsf.gov. See appendix
table 5-4.
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tions receiving support are not the traditional research and
doctorate-granting institutions.

Expenditures by Field and Funding Source

The distribution of academic R&D funds across S&E dis-
ciplines often is the result of numerous, sometimes unrelated,
funding decisions rather than an overarching plan. Examining
and documenting academic R&D investment patterns across
disciplines enables interested parties to assess the balance in
the academic R&D portfolio. The majority of expenditures
for academic R&D in 2001 went to the life sciences, which
accounted for 59 percent of all academic R&D expenditures,
58 percent of Federal academic R&D expenditures, and 59
percent of non-Federal academic R&D expenditures (appen-
dix table 5-5). Within the life sciences, the medical sciences
accounted for about 31 percent of academic R&D expendi-
tures and the biological sciences for about 18 percent.” The
next largest block of academic R&D expenditures went to
engineering, with about 15 percent in 2001.

The distribution of Federal and non-Federal expenditures
for academic R&D in 2001 varied by field (appendix table
5-5). For example, the Federal Government provided about
three-fourths of the academic R&D expenditures in both phys-
ics and atmospheric sciences but one-third or less of those in
economics, political science, and the agricultural sciences.

The decline in the Federal share of academic R&D
support is not limited to particular S&E disciplines. The
federal share of support for each of the broad S&E fields
was lower in 2001 than in 1975 (appendix table 5-6).!° The
most dramatic decline occurred in the social sciences, down
from about 55 percent in 1975 to about 38 percent in 2001.
The overall decline in Federal share also holds for all the
reported S&E detailed fields. However, most of the declines
occurred in the 1980s, and many fields did not experience
declining Federal shares during the 1990s.

Although the total expenditures for academic R&D in
constant 1996 dollars increased in every field between 1975
and 2001 (figure 5-8 and appendix table 5-7), the R&D em-
phasis of the academic sector, as measured by its S&E field
shares, changed during this period (figure 5-9). Relative
shares of academic R&D:

¢ Increased for engineering, the life sciences, and the com-
puter sciences

4 Remained roughly constant for mathematics

¢ Declined for psychology; the earth, atmospheric, and ocean
sciences; the physical sciences; and the social sciences

°The medical sciences include fields such as pharmacy, veterinary medi-
cine, anesthesiology, and pediatrics. The biological sciences include fields
such as microbiology, genetics, biometrics, and ecology. These distinctions
may be blurred at times, because boundaries between fields often are not
well defined.

"In this chapter, the broad S&E fields refer to the physical sciences;
mathematics; computer sciences; earth, atmospheric, and ocean sciences;
life sciences; psychology; social sciences; other sciences (not elsewhere
classified); and engineering. The more disaggregated fields of S&E are
referred to as detailed fields.
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Figure 5-8
Academic R&D expenditures, by field: 1975-2001
Billions of constant 1996 U.S. dollars
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NOTE: See appendix table 4-1 for gross domestic product implicit
price deflators used to convert current dollars to constant 1996
dollars.

SOURCES: National Science Foundation, Division of Science
Resources Statistics (NSF/SRS), Academic Research and
Development Expenditures: Fiscal Year 2001, 2003; and NSF/SRS,
WebCASPAR database system, http://caspar.nsf.gov. See appendix
table 5-7.
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Figure 5-9
Change in share of academic R&D in selected S&E
fields: 1975-2001
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SOURCES: National Science Foundation, Division of Science Resources
Statistics (NSF/SRS), Academic Research and Development Expendi-
tures: Fiscal Year 2001, 2003; and NSF/SRS, WebCASPAR database
system, http://caspar.nsf.gov. See appendix table 5-7.
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Although the proportion of all academic R&D funds go-
ing to the life sciences increased by only 3 percentage points
(from 55.8 to 58.6 percent) between 1975 and 2001, the
medical sciences’ share increased by more than 7 percent-
age points (from 23.8 to 31.1 percent) during this period
(appendix table 5-7). In the biological sciences, the share
of funds was about the same at the beginning and end of
the period, whereas in the agricultural sciences, the other
major component of the life sciences, the share decreased.
Engineering’s share of academic R&D increased by about
4 percentage points (from 11.2 to 15.3 percent), whereas the
computer sciences’ share more than doubled (from 1.3 to
2.9 percent).

The social sciences’ proportion of all academic R&D
funds declined by more than 3 percentage points (from 7.5
to 4.4 percent) between 1975 and 2001. Within the social
sciences, R&D shares for each of the three main fields (eco-
nomics, political science, and sociology) declined over the
period. Psychology’s share declined from 2.4 to 1.8 percent.
The earth, atmospheric, and ocean sciences’ overall share de-
clined by about 2 percentage points (from 7.5 to 5.6 percent),
with each of the three detailed fields (atmospheric sciences,
earth sciences, and ocean sciences) experiencing an individ-
ual decline in share. The physical sciences’ overall share also
declined during this period (from 10.3 to 8.6 percent). Within
the physical sciences, the shares of both physics and chemis-
try declined, although astronomy’s share increased.

Federal Support of Academic R&D

The Federal Government continues to provide the major-
ity of the funding for academic R&D. Its overall contribu-
tion is the combined result of a complex set of executive and
legislative branch decisions to fund a number of key R&D-
supporting agencies with differing missions. Some of the
Federal R&D funds obligated to universities and colleges
are the result of appropriations that Congress directs Federal
agencies to award to projects that involve specific institu-
tions. These funds are known as congressional earmarks.
(See sidebar, “Congressional Earmarking to Universities
and Colleges.”) Examining and documenting the funding
patterns of the key funding agencies is key to understanding
both their roles and that of the Federal Government overall.

Top Supporting Agencies

Six agencies are responsible for most of the Federal obliga-
tions for academic R&D, providing an estimated 96 percent of
such obligations in FY 2003 (appendix table 5-8)."' NIH pro-
vided approximately 66 percent of total Federal financing of

"The recent creation of the Department of Homeland Security (DHS)
should have major implications for the future distribution of Federal R&D
funds, including Federal academic R&D support, among the major R&D
funding agencies. DHS’s Science & Technology directorate is tasked with
researching and organizing the scientific, engineering, and technological
resources of the United States and leveraging these existing resources into
technological tools to help protect the homeland. Universities, the private
sector, and the Federal laboratories are expected to be important partners
in this endeavor.
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Congressional Earmarking to Universities and Colleges

Academic earmarking, the congressional practice of pro-
viding Federal funds to educational institutions for research
facilities or projects without merit-based peer review, passed
the billion-dollar mark for the first time ever in fiscal year
2000, reached almost $1.7 billion in FY 2001, and exceeded
$1.8 billion in FY 2002 (table 5-2). However, not all of these
funds go to projects that involve research. The Chronicle of
Higher Education estimated that 84 percent of earmarked
funds in FY 2001 and 87 percent in FY 2002 were for re-
search projects, research equipment, or construction or reno-
vation of research laboratories (Brainard 2002).

Obtaining exact figures for either the amount of funds
or the number of projects specifically earmarked for uni-
versities and colleges, either overall or for research, is of-
ten difficult because of the lack of an accepted definition
of academic earmarking and because the funding legisla-
tion is often obscure in its description of the earmarked
projects. Even with these difficulties, however, a number
of efforts were undertaken during the past 2 decades to
measure the extent of this activity. Several of these efforts
are discussed below.

A report from the Committee on Science, Space, and
Technology (U.S. House of Representatives 1993) estimat-
ing trends in congressional earmarking indicated that the
dollar amount of such earmarks increased from the tens to
the hundreds of millions between 1980 and the early 1990s,
reaching $708 million in 1992 (table 5-2). In the report, the
late Congressman George E. Brown, Jr., (D-CA) stated, “I
believe that the rational, fair, and equitable allocation and
oversight of funds in support of the nation’s research and de-
velopment enterprise is threatened by the continued increase
in academic earmarks. To put it colloquially, a little may be
okay, but too much is too much.”

During the past decade, the Chronicle of Higher Educa-
tion also tried to estimate trends in academic earmarking
through an annual survey of Federal spending laws and the
congressional reports that explain them. The Chronicle’s lat-
est analysis showed that after reaching a peak of $763 mil-
lion in 1993, earmarked funds declined more than 60 percent
over the next 3 years, reaching a low of $296 million in FY
1996. After 1996, however, earmarks began to increase once
again. Congress directed Federal agencies to award at least
$1.837 billion for such projects in FY 2002. A record num-
ber of institutions received earmarks in FY 2002.

The Office of Management and Budget (OMB) has also
recently attempted to provide budget estimates of earmarked
funds. In its FY 2001 budget submission to Congress, OMB
included a new category of Federal funding for research:
research performed at congressional direction (OMB 2002).
This consists of intramural and extramural research in which
funded activities are awarded to a single performer or col-

lection of performers. Competitive selection is limited or
nonexistent, or, where there is competitive selection, the
research is outside the agency’s primary mission and being
undertaken at Congress’ direction via legislation, report lan-
guage, or other means. The total reported for this activity is
about $2 billion in both FY 2001 and FY 2002. The data are
not disaggregated by type of performer.

Finally, the American Association for the Advance-
ment of Science (AAAS) has also recently undertaken an
effort to identify congressionally designated, performer-
specific R&D projects not appearing in agency budget re-
quests (AAAS 2003). AAAS estimates that R&D earmarks
totaled $1.4 billion in FY 2003, down slightly from the FY
2002 estimate of $1.5 billion. Although these estimates in-
clude earmarks to all types of R&D performers, the bulk of
them are assumed to go to academic institutions.

Given the difficulties in defining and identifying ear-
marks discussed earlier, it is informative that the recent
estimates by the Chronicle, OMB, and AAAS are of the
same order of magnitude. The estimates indicate that in
recent years, about 5 to 6 percent of all academic R&D
funds were earmarked.

Table 5-2
Funds for congressionally earmarked academic
research projects: 1980-2002

(Millions of dollars)

Year Earmarked funds
1980 11
1981 0
1982 9
1983 77
1984 39
1985 104
1986 111
1987 163
1988 232
1989 299
1990 248
1991 470
1992 708
1993 763
1994 651
1995 600
1996 296
1997 440
1998 528
1999 797
2000 1,044
2001 1,668
2002 1,837

SOURCES: 1980-92: U.S. House of Representatives, Academic
Earmarks: An Interim Report by the Chairman of the Committee on
Science, Space, and Technology (Washington, DC, 1993); 1993-
2000: Chronicle of Higher Education 46:A29 (July 28, 2000), 47:A20
(August 10, 2001), and 49:A20 (September 27, 2002).
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Figure 5-10
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Federal agency academic research obligations, by field: FY 2001
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and 2003, forthcoming. See appendix table 5-10.

academic R&D in 2003. An additional 12 percent was pro-
vided by NSF, 8 percent by DOD, 4 percent by the National
Aeronautics and Space Administration (NASA); 3 percent
by the Department of Energy (DOE); and 2.5 percent by
the Department of Agriculture (USDA). The concentration
of Federal obligations for academic research is similar to
that for R&D (appendix table 5-9). Some differences exist,
however, because some agencies place greater emphasis on
development (e.g., DOD), whereas others place greater em-
phasis on research (e.g., NSF).

Between 1990 and 2003, NIH’s funding of academic
R&D increased the most rapidly, with an estimated aver-
age annual growth rate of 7.2 percent per year in constant
1996 dollars, increasing its share of Federal funding from
just above 50 percent to an estimated 66 percent. NSF and
NASA experienced the next highest rates of growth: 3.8 and
3.4 percent, respectively.

Agency Support by Field

Federal agencies emphasize different S&E fields in their
funding of academic research. Several agencies concentrate
their funding in one field. The Department of Health and
Human Services (HHS) and USDA focus on life sciences,
whereas DOE concentrates on the physical sciences. The
funding patterns of other agencies, such as NSF, NASA,
and DOD, are more diversified (figure 5-10 and appendix
table 5-10).

An agency may allocate a large share of its funds to one
field yet not be a leading contributor to that field, particularly

Science & Engineering Indicators — 2004

if it does not spend much on academic research (figure 5-11).
In FY 2001, NSF was the lead funding agency in physical
sciences (30.6 percent of total funding), mathematics (60
percent), computer sciences (56 percent), and earth, atmo-
spheric, and ocean sciences (40 percent). DOD was the lead
funding agency in engineering (43 percent). HHS was the
lead funding agency in life sciences (87 percent), psychology
(95 percent), and social sciences (39 percent). Within S&E
detailed fields, other agencies took the leading role: DOE in
physics (50 percent), USDA in agricultural sciences (99 per-
cent), and NASA in astronomy (81 percent) and astronautical
engineering (87 percent) (appendix table 5-11).

Spreading Institutional Base of Federally
Funded Academic R&D

The number of academic institutions receiving Federal
support for their R&D activities has generally increased dur-
ing the past 3 decades. However, between 1994 and 2000,
the number receiving support declined slightly before in-
creasing again in 2000 (figure 5-12)."* The change in the
number supported has occurred almost exclusively among
institutions of higher education with Carnegie classifica-
tions of comprehensive; liberal arts; 2-year community,
junior, and technical; and professional and other specialized
schools, rather than among those classified as research or

2Although the number of institutions receiving Federal R&D support
generally increased between 1973 and 1994, a rather large decline occurred
in the early 1980s, most likely caused by the decrease in Federal R&D fund-
ing for the social sciences during that period.
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Figure 5-11
Major agency shares of Federal academic research obligations, by field: FY 2001
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2002, and 2003, forthcoming. See appendix table 5-11.

Figure 5-12

Academic institutions receiving Federal R&D
support, by selected Carnegie classifications:
1972-2000
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Press, 1994). For more information on these categories, see chapter
2, “Carnegie Classification of Academic Institutions.”

SOURCES: National Science Foundation, Division of Science
Resources Statistics (NSF/SRS), Federal Science and Engineering
Support to Universities, Colleges, and Nonprofit Institutions: Fiscal
Year 2001, forthcoming; and NSF/SRS, WebCASPAR database
system, http://caspar.nsf.gov. See appendix table 5-12.
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doctorate-granting institutions. The number of such institu-
tions receiving Federal support more than doubled between
1973 and 1994, rising from 315 to 680, but then dropped to
587 in 2000 (appendix table 5-12). These institutions’ share
of Federal support also increased between 1973 and 1994,
from about 10 percent to above 13 percent. Their share even
continued to increase after 1994, reaching just over 15 per-
cent in 2000.

Academic R&D Facilities and Equipment

The condition of the physical infrastructure for academic
R&D, especially the state of research facilities and equip-
ment, is a key factor in the continued success of the U.S.
academic R&D enterprise.!?

3An important element of research infrastructure, cyberinfrastructure, is
not discussed in this report but will be discussed in future editions as more
information about this important component becomes available. A recent re-
port has concluded that continuing progress in computing, information, and
communication technology has made possible a cyberinfrastructure on which
to build new types of S&E knowledge environments and organizations and to
pursue research in new ways and with increased efficacy (NSF 2003).
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Facilities

Total Space. The amount of academic S&E research
space'* grew continuously between 1988 and 2001. During
this period, total academic S&E research space increased by
more than 38 percent, from about 112 to 155 million net as-
signable square feet.'

The distribution of academic research space across S&E
fields changed only slightly between 1988 and 2001 (ap-
pendix table 5-13). About 90 percent of current academic re-
search space continues to be concentrated in six S&E fields:

4 Biological sciences (21 percent in 1988 and 2001)

4 Medical sciences (17 percent in 1988 and 18 percent in
2001)

¢ Agricultural sciences (16 percent in 1988 and 17 percent in
2001)

¢ Engineering (14 percent in 1988 and 17 percent in 2001)

® Physical sciences (14 percent in 1988 and 12 percent
in 2001)

¢ Earth, atmospheric, and ocean sciences (6 percent in 1988
and 5 percent in 2001).

Adequacy. Survey respondents were asked to rate the
adequacy of their research space in 2001.'° Slightly less than
30 percent of S&E research space was rated as adequate
(table 5-3). However, the adequacy of this space differed
across S&E fields. The fields with the largest proportion of
research space reported as adequate were mathematics (69
percent); social sciences (39 percent); earth, atmospheric,
and ocean sciences (38 percent); and psychology (37 per-
cent). Those with the smallest proportion were engineering
and medical sciences (each with about 23 percent).

Of the institutions reporting research space in 2001, more
than 80 percent reported needing additional space in at least
one field.!”” More than 60 percent reported needing addi-
tional space in the biological sciences (both in universities

"“In addition to examining the amount and adequacy of research space, past
volumes of Indicators also looked at a number of other issues, including new
construction, repair and renovation, condition of research space, and unmet
needs. However, the 2001 Survey of Scientific and Engineering Research Fa-
cilities was limited in scope and did not cover many of the elements covered in
previous surveys. A redesigned survey with a broader scope is being planned.
In addition to collecting data on research space, the redesigned survey will also
include a section on computing and networking capacity. For earlier informa-
tion, see Science and Engineering Indicators — 2002 (NSB 2002) and Scientific
and Engineering Research Facilities: 1999 (NSF/SRS 2001).

SResearch space here refers to net assignable square feet (NASF) within
facilities (buildings) in which S&E research activities take place. NASF is
defined as the sum of all areas (in square feet) on all floors of a building
assigned to, or available to be assigned to, an occupant for a specific use,
such as instruction or research. Multipurpose space within facilities (e.g., an
office) is prorated to reflect the proportion of use devoted to research activi-
ties. NASF data on total space are reported at the time of the survey.

1°The following definitions were used in the survey: adequate, sufficient
amount of space to support all the needs of current S&E research program
commitments in the field; inadequate, insufficient space to support the
needs of current S&E research program commitments in the field, or nonex-
istent but needed; and not applicable, no space reported.

"Survey respondents who indicated that the amount of space in a field
was inadequate were requested to report the amount of additional space
needed. Therefore, additional space needed in a field was intended to reflect
space needed for current S&E research commitments in that field.
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and colleges and medical schools), the medical sciences (but
only in medical schools), and engineering. In all of these
fields (as well as some others), more than 38 percent of these
institutions reported needing additional space equal to more
than 25 percent of their current research space (table 5-4).
Only in mathematics did less than half of the institutions re-
port needing any additional space, although, as noted below,
those that reported a need for space needed a relatively large
quantity of space as compared with their available space.
For all fields combined, the additional space reported as
needed was more than one-fourth of available S&E research
space in 2001. For most fields, the additional space needed
was between 25 and 35 percent of currently available research
space (table 5-3). For computer sciences and mathematics,
however, it was approximately 109 and 69 percent, respec-
tively. For the agricultural sciences, the additional space re-
ported as needed was about 11 percent of available space.

Equipment

Expenditures. In 2001, slightly less than $1.5 billion in
current funds was spent for academic research equipment.
About 83 percent of these expenditures were concentrated
in three fields: life sciences (45 percent), engineering (22
percent), and physical sciences (16 percent) (figure 5-13 and
appendix table 5-14).

Current fund expenditures for academic research equip-
ment grew at an average annual rate of 4.1 percent (in con-
stant 1996 dollars) between 1983 and 2001. Average annual
growth, however, was much higher during the 1980s (7.8
percent) than it was after 1990 (1.9 percent). The growth pat-
terns in S&E fields varied during this period. For example,
equipment expenditures for engineering (5.5 percent) and
biological sciences (5 percent) grew more rapidly during the
1983-2001 period than did those for the social sciences (0.6
percent) and psychology (1.7 percent).

Federal Funding. Federal funds for research equipment
are generally received either as part of research grants, thus
enabling the research to be performed, or as separate equip-
ment grants, depending on the funding policies of the par-
ticular Federal agency involved. The importance of Federal
funding for research equipment varies by field. In 2001, the
social sciences received slightly less than 40 percent of their
research equipment funds from the Federal Government; in
contrast, Federal support accounted for more than 60 percent
of equipment funding in the physical sciences; computer sci-
ences; earth, atmospheric, and ocean sciences; and psychol-
ogy (appendix table 5-15).

The share of research equipment expenditures funded by
the Federal Government declined from about 62 to 55 per-
cent between 1983 and 2001, although not consistently. This
overall pattern masks different trends in individual S&E
fields. For example, the share funded by the Federal Gov-
ernment actually rose during this period for both the social
and the earth, atmospheric, and ocean sciences.

R&D Equipment Intensity. R&D equipment intensity
is the percentage of total annual R&D expenditures from
current funds devoted to research equipment. This propor-
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Table 5-3
Status of academic S&E research space, by field: 2001

Available space Space reported adequate Space needed

Field Millions NASF Millions NASF Percent Millions NASF Percent?
AlLFIEIAS e 147.5 42.7 29.0 40.4 27.4
Physical sciences .. 18.3 5.9 32.5 4.6 24.9
MathematiCs .....coeevecuiiieieeeecceeee e 0.9 0.6 68.8 0.6 69.1
COmMPULEr SCIENCES.....ccuveeeeuieeeaiieeaieeeeeiaeeeenns 2.1 0.6 26.9 2.2 108.5
Earth, atmospheric, and ocean sciences .. 7.7 2.9 BI7E5 2.0 25.7
Agricultural sciences. 25.6 7.6 29.8 2.7 10.6
Biological sciences................ 31.9 8.5 26.6 10.0 31.5
Universities and colleges ..........cccceevveriieenns 19.4 4.5 23.1 5.7/ 29.3
Medical SChOOIS ........ccccuvviiieeieciiieeeeee e 12.4 4.0 32.0 4.3 34.9
Medical sciences................... 26.3 6.0 22.8 9.0 34.1
Universities and colleges ... 7.5 2.4 32.5 2.1 28.3
Medical schools.................. 18.8 85 18.9 6.8 36.4
PSYCholOgY ....ueeeiiiieiiiiie e 3.4 1.3 37.0 1.1 31.3
Social SCIENCES ....cuvveieieeeeiiee e 4.3 1.7 38.5 1.5 34.3
Other sciences.... 2.8 2.0 71.8 0.5 17.5
Engineering....... 24.2 5.7 23.3 6.2 25.7

NASF net assignable square feet
aPercent of available space.

NOTES: Values for available research space do not match national totals because data were not imputed for the question on adequacy. Available space
is calculated only for institutions that responded to the adequacy question. Details may not add to totals because of rounding. Percents are based on
unrounded numbers.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Scientific and Engineering Research Facilities: 2001, NSF 02-307
(Arlington, VA, 2002).
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Table 5-4
Institutions reporting need for additional S&E research space, by field: 2001
(Percent)
Space needed?
Field None Total Less than 10 10-25 More than 25
AllFIEIAS e 17.7 82.3 13:3 18.3 50.7
Physical sciences .. 40.6 59.4 7.4 10.8 41.2
MathematiCs .......ccuveeiiiieeiiiieicee e 60.9 39.1 2.2 4.1 32.8
Computer SCIENCES........cceeveeiiiiiiieeiie e 43.3 56.7 1.6 3.5 51.6
Earth, atmospheric, and ocean sciences .......... 47.7 52.3 6.5 10.1 35.7
Agricultural SCIENCES.......c.coeeviiriiiiiieiciieeeen 43.0 57.0 19.6 8.4 29.0
Biological sciences
L] = TP 33.8 66.2 8.8 12.5 44.9
Universities & colleges ........cccvvevuieeiieeeernnen. 37.1 62.9 7.7 111 441
Medical SChOOIS ........ooeiiiiiiiiiiiiiee e 337 66.3 8.2 14.5 43.6
Medical sciences
L] 2= SRR 39.6 60.4 5.4 14.4 40.6
Universities & colleges.........ccovvciiiiciiinnnnn. 48.0 52.0 5.7 9.3 37.0
Medical SChOOIS .......coveiiiieiiiiieeeeee e 271 72.9 6.3 25.2 41.4
Psychology ............... 47.2 52.8 519 5.1 41.8
Social sciences...... 471 52.9 6.0 9.3 37.6
Other sciences.... 63.6 36.4 4.2 7.6 24.6
ENgINEering .....ccocvveiiiiiiiiiciicceecc e 37.8 62.2 10.0 13.6 38.6

2Percent of current space.
NOTE: Data are based only on institutions reporting research space in a given field.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Scientific and Engineering Research Facilities: 2001, NSF 02-307
(Arlington, VA, 2002).
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Figure 5-13
Current fund expenditures for research equipment
at academic institutions, by field: 1983-2001
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SOURCES: National Science Foundation, Division of Science
Resources Statistics (NSF/SRS), Academic Research and
Development Expenditures: Fiscal Year 2001, 2003; and NSF/SRS,
WebCASPAR database system, http://caspar.nsf.gov. See appendix
table 5-14.
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tion was lower in 2001 (4.6 percent) than it was in 1983 (5.7
percent), although it peaked in 1986 (7 percent) (appendix
table 5-16). R&D equipment intensity varies across S&E
fields. It tends to be higher in the physical sciences (about
9 percent in 2001) and lower in the social sciences (1.2 per-
cent) and psychology (2.4 percent). For the two latter fields,
these differences may reflect the use of less equipment, less
expensive equipment, or both.

There has been recent congressional interest in this issue.
Congress has asked NSF to reinstate the National Survey
of Academic Research Instrumentation, last conducted in
1994, to determine the extent to which a lack of equipment
and instrumentation prevents the academic research commu-
nity from undertaking cutting-edge, world-class science.

Doctoral Scientists
and Engineers in Academia

U.S. universities and colleges are major contributors
to the nation’s scientific and technological progress. They
generate new knowledge and ideas that are vital to the
advancement of science and form the basis of technologi-
cal innovation. Concurrently, they also develop the highly
trained talent needed to use and improve the knowledge
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base. In addition, academia increasingly plays an active
role in the generation and use of new products, technolo-
gies, and processes.

The confluence of these key functions: the pursuit of
new knowledge, the training of the people in whom it is
embodied, and its exploitation toward generating innova-
tion makes academia a national resource whose vitality rests
in the scientists and engineers who work and study there.
Especially important are those with doctoral degrees who
do the research, teach and train the students, and stimulate
or help to produce innovation.'®* Who are they, how are they
distributed, what do they do, how are they supported, and
what do they produce?

Employment and research activity at the 125 largest
research-performing universities in the United States merit
special attention.' These institutions exert a major influence
on the nation’s academic science, engineering, and R&D
enterprise. They enroll 23 percent of full-time undergradu-
ates and award 32 percent of all bachelor’s degrees and 38
percent of those in S&E fields. These baccalaureate holders,
in turn, are the source of 56 percent of the nation’s S&E
doctorate holders with a U.S. baccalaureate and more than
60 percent of those who are employed in academia and en-
gaged in R&D as their primary work function. Moreover,
these institutions conduct more than 80 percent of academic
R&D (as measured by expenditures) and produce the bulk of
both academic articles and patents. (See “Outputs of Scien-
tific and Engineering Research: Articles and Patents” later
in this chapter.)

Growth in academic employment over the past half cen-
tury reflected both the need for teachers, driven by increas-
ing enrollments, and an expanding research function, largely
supported by Federal funds.? Because of the interrelation-
ship between academic teaching and research, much of the
discussion deals with the overall academic employment of
S&E doctorate holders, specifically, the relative balance
between faculty and nonfaculty positions, demographic
composition, faculty age structure, hiring of new doctor-
ate holders, trends in work responsibilities, and trends in
Federal support. This section also discusses different esti-
mates of the nation’s academic R&D workforce and effort
and considers whether a shift has been occurring away from
basic research toward more applied R&D activities.

SInnovation is the generation of new or improved products, processes,
and services. For more information, see chapter 6.

“This set of institutions comprises the Carnegie Research I and II uni-
versities, based on the 1994 classification. These institutions have a full
range of baccalaureate programs, have a commitment to graduate educa-
tion through the doctorate, award at least 50 doctoral degrees annually, and
receive Federal support of at least $15.5 million (1989-91 average); see
Carnegie Foundation for the Advancement of Teaching (1994). The other
Carnegie categories include master’s (comprehensive) universities and col-
leges; baccalaureate (liberal arts) colleges; 2-year community and junior
colleges; and specialized schools such as engineering and technology,
business and management, and medical and law schools. The classification
has since been modified, but the older schema is more appropriate to the
discussion presented here.

“Trends in S&E indicators relating to research funding are discussed in
the first section of this chapter, “Financial Resources for Academic R&D.”
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The main findings are a relative shift in employment
of S&E doctorate holders away from the academic sector
toward other sectors; a slower increase in full-time faculty
positions than in postdoc and other full- and part-time posi-
tions; a relative shift in hiring away from white males toward
women and minorities; an aging academic doctoral labor
force; a decline in the share of academic researchers who re-
ceive Federal support; and growth of an academic researcher
pool outside the regular faculty ranks.

Trends in Academic Employment of
Doctoral Scientists and Engineers

Academic employment of S&E doctorate holders reached
a record high of 245,500 in 2001.2! However, long-term
growth in the number of these positions over the past quarter
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Table 5-6
S&E doctorate holders employed in academia, by
years since doctorate: Selected years, 1975-2001

(Percent)
Years since doctorate 1975 1981 1991 2001
Employed doctorate
holders.......cccceeecueeeecnnen. 53.4 49.7 44.7 44.0
3 or fewer . .. 51.9 49.2 47.5 48.8
L R 52.6 46.9 42.7 41.6
More than 7 .................. 54.3 50.6 44.7 43.9

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Doctorate Recipients, special
tabulations.
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Table 5-5
Average annual growth rates for employment of S&E doctorate holders in U.S. economy: 1975-2001
(Percent)
Sector 1975-2001 1975-81 1981-91 1991-2001
All SECTOIS..iiiiieiie et e e a e e e e ennees 3.1 5.0 3.4 1.7
Academia.....ccccceereeeiiunnnenns 2.4 3.7 2.3 1.5
Research universities .... 1.9 3.6 21 0.7
All other ....ccoceeiciiiieaen. 2.8 3.8 2.7 2.4
Business ........ 4.2 7.5 2.2 4.2
Government... 3.7 5.0 2.3 4.4
(1 1= SRR 8.8 51 8.7 -2.9

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Doctorate Recipients, special tabulations.

century was slower than in business, government, and other
segments of the economy. Growth in the academic sector
was also much slower in the 1990s than it was in the 1970s
and 1980s (table 5-5). As a result, the share of all S&E doc-
torate holders employed in academia dropped from about 53
to 44 percent during the 1975-2001 period (table 5-6). Al-
though the share of those with recently awarded degrees also
declined between 1975 and 2001 (from 52 to 49 percent), in
2001 it was still larger than the overall academic employ-
ment share for S&E doctorate holders.??> Within academia,
growth in employment of S&E doctorate holders was slower
at the major research universities than at other academic
institutions. Appendix table 5-17 breaks down academic
employment by type of institution.

2'The academic doctoral S&E workforce includes those with a doctorate
in an S&E field in the following positions: full and associate professors (re-
ferred to as senior faculty); assistant professors and instructors (referred to
as junior faculty); postdocs; other full-time positions such as lecturers, ad-
junct faculty, research and teaching associates, and administrators; and part-
time positions of all kinds. Unless specifically noted, data on S&E doctorate
holders refer to persons with an S&E doctorate from a U.S. institution, as
surveyed biennially by NSF in the Survey of Doctorate Recipients. All num-
bers are estimates rounded to the nearest 100. The reader is cautioned that
small estimates may be unreliable.

22Recently awarded degrees are defined here as those earned at a U.S.
university within 3 years of the survey year.
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Hiring at Research Universities and
Public Institutions

Employment growth over the past decade was much
slower at the research universities than at other academic
institutions. From 1991 to 2001, doctoral S&E employment
at research universities grew by less than 1 percent annu-
ally, whereas employment at other institutions increased by
2.4 percent annually. During the same period, employment
increased less rapidly at public universities and colleges than
at their private counterparts (0.9 versus 1.4). However, this
pattern held only at research universities (0.4 versus 1.4) and
not at other academic institutions (1.6 versus 1.4) (figure
5-14, table 5-5, and appendix table 5-18).

All Academic S&E Doctoral Employment

Trends in academic employment of S&E doctorate hold-
ers suggest movement away from the full-time faculty posi-
tion as the academic norm. During the past quarter century,
overall academic employment of S&E doctorate holders
grew from 134,100 in 1975 to 245,500 in 2001 (appendix
table 5-19). However, during this period, full-time faculty
positions increased more slowly than postdoc and other full-
and part-time positions. This trend accelerated during the
past decade (table 5-7). Between 1991 and 2001, the number
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Figure 5-14

S&E doctorate holders employed in public and
private universities and colleges: 1975-2001
Thousands
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SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Doctorate Recipients, special
tabulations. See appendix table 5-18.
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Figure 5-15
S&E doctorate holders, by type of academic
appointment: 1975-2001

Percent
100

; Part-time total

Postdocs

Other full-time positions
80

Full-time junior faculty

60

40 R
L Full-time senior faculty |

20 b

0 | | | | | |

1975 1981 1985 1989 1993 1997 2001

NOTE: Junior faculty includes assistant professors and instructors;
senior faculty includes full and associate professors; other full-time
positions include nonfaculty positions such as research associates,
adjunct positions, lecturers, and administrative positions.

SOURCE: National Science Foundation, Division of Science
Resources Statistics, Survey of Doctorate Recipients, special
tabulations. See appendix table 5-18.
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Table 5-7
Average annual growth rates for S&E doctorate holders, by academic position: 1975-2001
(Percent)
Academic position 1975-2001 1975-81 1981-91 1991-2001
All POSIHIONS ..eeieieeieiiie ettt e e e e e enee 2.4 3.7 2.3 1.5
Full-time faculty .........coooieiiiiiii e 1.8 3.4 2.0 0.8
Profe@SSOrS ...coeiiiiieeiiee e 2.2 5.1 2.5 0.3
Associate ProfeSSOrS.......cccuiieiiieeeiiieeeiieeeiiee e 1.4 2.8 1.6 0.3
JUunior faculty?........oocuiiiiiiiie e 1.8 i:3 1.5 2:3
Full-time nonfaculty®...........coooiiiiiiieieceeeeeiee 5.3 7.2 4.8 4.6
POSEAOCS ... 4.1 5.4 1.5 5.8
Part-time ..c.veeeeeeeeeee et 4.0 3.8 6.3 1.9

aAssistant professors or instructors.

Positions such as research associates, adjunct positions, lecturers, and administrative positions.

SOURCE: National Science Foundation, Division of Science Resources Statistics, Survey of Doctorate Recipients, special tabulations. See appendix

table 5-18.

of junior faculty rose only modestly (about 20 percent),
while the number of senior faculty, full and associate profes-
sors, remained static. Meanwhile, full-time nonfaculty posi-
tions grew by half, as did postdoc positions.

Figure 5-15 shows the resulting distribution of academic
employment of S&E doctorate holders. The share of full-
time senior faculty fell from just over 63 percent of total
employment in 1991 to less than 56 percent in 2001. The
share of junior faculty fluctuated between 18 and 20 percent
between 1983 and 1999, before increasing to just below 21
percent in 2001. The overall faculty share was 76 percent of
all academic employment in 2001, down from 85 percent in
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the late 1970s. These employment trends in the past decade
occurred as real spending for academic R&D rose by half,
retirement of faculty who were hired during the expansionist
1960s increased, academic hiring of young doctorate holders
showed a modest rebound, and universities displayed greater
interest in the practical application of academic research re-
sults, discussed later in this chapter.?

Nonfaculty ranks, that is, full- and part-time adjunct faculty,
lecturers, research and teaching associates, administrators, and

Bt is impossible with the data at hand to establish causal connections
among these developments.
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postdocs, increased from 37,500 in 1991 to 58,200 in 2001.
This 55 percent increase stood in sharp contrast to the 8
percent rise in the number of full-time faculty. Both the
full-time nonfaculty and postdoc components grew rapidly
between 1991 and 2001, while part-time employment rose
more slowly.?* Part-time employees accounted for only be-
tween 2 and 4 percent of all academic S&E doctoral employ-
ment throughout the period (appendix table 5-19).

Recent S&E Doctorate Holders

The trends just discussed reflect the entire academic
workforce of S&E doctorate holders. Another picture of
current trends can be found by looking at the academic
employment patterns of those with recently awarded S&E
Ph.D.s (degrees earned at U.S. universities within 3 years of
the survey year).

Overall, recent doctorate holders who entered academic
employment were about as likely to receive postdoc positions
as faculty positions. Those in research universities, however,
were more likely to be in postdoc than in faculty positions
(appendix table 5-20 and figure 5-16). Since 1975, the share
of recent doctorate holders hired into full-time faculty posi-
tions has been cut by more than one-third overall, from 70 to
44 percent. The decline in such employment at research uni-
versities has been relatively steeper, from 57 to 30 percent.
Conversely, the overall share of recent S&E doctorate hold-
ers who reported being in postdoc positions has risen from
18 to 39 percent (and from 29 to 53 percent at research uni-
versities). However, after increasing steadily throughout the
1990s, the share of recent S&E doctorate holders in postdoc
positions declined between 1999 and 2001 at both research
universities and all other institutions. Whether or not this is
the beginning of a trend remains to be seen.

Young Doctorate Holders With Track Records

For those employed in academia 4—7 years after earning
their doctorates, the picture looks quite similar: about 63
percent had faculty rank in 2001, compared with about 87
percent in the mid-1970s, with the trend continuing down-
ward since 1991. About half were in tenure-track positions,
with only 9 percent already tenured. The shares of both those
in tenure-track positions and those with tenure have been
declining since 1991, suggesting a continuing shift toward
forms of employment outside traditional tenure-track posi-
tions (figure 5-17). Trends at research universities are simi-
lar. However, at the research universities, the share of those
in faculty, tenured, or tenure-track positions is much smaller
than at other academic institutions (appendix table 5-20).

Shift in Employment

The relative shift toward nonfaculty employment affected
almost every major S&E degree field. Although the number
of S&E full-time faculty positions increased from 173,100 to
187,400 between 1991 and 2001, two-thirds of this increase
occurred in the life sciences, mostly among women. The only

2For more information on this subject, see “Postdocs” in chapter 3.
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Figure 5-16

S&E doctorate holders with recent degrees
employed at research universities and other
academic institutions, by type of position: 1975-2001
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NOTES: Recent doctorate holders are those who earned their
degrees within 3 years of the survey year.